Insights into the reaction mechanism of the diisopropyl fluorophosphatase from Loligo vulgaris by means of kinetic studies, chemical modification and site-directed mutagenesis.
Kinetic measurements, chemical modification and site-directed mutagenesis have been employed to gain deeper insights into the reaction mechanism of the diisopropyl fluorophosphatase (DFPase) from Loligo vulgaris. Analysis of the kinetics of diisopropyl fluorophosphate hydrolysis reveals optimal enzyme activity at pH >/=8, 35 degrees C and an ionic strength of 500 mM NaCl, where k(cat) reaches a limiting value of 526 s(-1). The pH rate profile shows that full catalytic activity requires the deprotonation of an ionizable group with an apparent pK(a) of 6.82, DeltaH(ion) of 42 kJ/mol and DeltaS(ion) of 9.8 J/mol K at 25 degrees C. Chemical modification of aspartate, glutamate, cysteine, arginine, lysine and tyrosine residues indicates that these amino acids are not critical for catalysis. None of the six histidine residues present in DFPase reacts with diethyl pyrocarbonate (DEPC), suggesting that DEPC has no accessibility to the histidines. Therefore, all six histidine residues have been individually replaced by asparagine in order to identify residues participating in catalysis. Only substitution of H287 renders the enzyme catalytically almost inactive with a residual activity of approx. 4% compared to wild-type DFPase. The other histidine residues do not significantly influence the enzymatic activity, but H181 and H274 seem to have a stabilizing function. These results are indicative of a catalytic mechanism in which H287 acts as a general base catalyst activating a nucleophilic water molecule by the abstraction of a proton.